The "paradox of the plankton" (Hutchinson, 1961, hereafter "Paradox I") has compelled ecologists to focus on the maintenance of coexistence of competing species in ecological models. These efforts have spawned new mathematical and theoretical approaches to ecology and hence an abundance of solutions to Paradox I. Ironically, ecological modellers now face the opposite problem. Among the abundance of paradigms, there is no clear choice for how to build coexistence into models in a general way-a more pragmatic dilemma which we refer to as the "paradox of 'the paradox of the plankton'" (Record et al., 2013, hereafter "Paradox II") . In an earlier communication (Record et al., 2013) , we proposed that a solution to Paradox II should meet two criteria: (i) a simple functional form with few parameters and (ii) the ability to reproduce patterns observed at the community level. We constructed a prototype model-the f-model-that adds only one parameter and is able to produce community properties such as rank-abundance and abundance-distribution curves. In a follow-up communication, Cropp and Norbury (2013, hereafter "C&N") discuss the mathematical mechanisms for coexistence in the f-model in the context of conservative Kolmogorov (CK) systems and argue more generally for the use of non-linear mortality terms to produce coexistence. Here, we provide a response, emphasizing a common ground and clarifying our broader vision.
At its core, Paradox I is a modeller's problem. From a modeller's point of view, much of the difficulty in coexistence has come about from the formulation of the mortality term. C&N correctly note that linear mortality is often the default assumption and that the chance of precise linearity in nature is vanishingly small. The same observations motivate our work. The original data of Gause (1932) fit more closely a non-linear curve when plotted as per capita mortality, and Lotka (1932) recognized his competitive exclusion model as a special case not in fitting with the "facts of nature". Theoretical ecologists have thus invoked non-linear mortality terms as a solution to Paradox I (e.g. Armstrong and McGehee, 1980) . Within the Kolmogoroff and CK frameworks, there is a rich literature on the coexistence of competitors (Kolmogoroff, 1936; Hirsch, 1988; Zeeman, 1993) . In this sense, Paradox I is not a paradox at all, but rather a falsification of a certain subset of models for describing coexistence. If the goal is simply to build models where species coexist, then non-linear mortality in CK systems is one avenue. We have then a solution to Paradox I that predates its formulation by Hutchinson (e.g. Kostitzin, 1936) .
The crux of Paradox II is not that we lack means for producing coexistence, but rather that there are many possible mechanisms. This is the case for both mathematical mechanisms, including but not limited to the type described by C&N, and true mechanisms that operate in nature. Ocean ecosystem models often have a CK core, when isolated in 0D, and the general approach of Cropp and Norbury (2012) is useful for understanding indefinite coexistence (or extinction) in this context. Ocean models also typically employ advection -diffusion -reaction equations with boundary conditions and are not of the CK form. Processes like environmental variability and advection allow species to coexist that would not coexist in a CK framework or that may coexist only as long as a certain physical feature persists (e.g. Clayton et al., 2013) . Individual variability, ontogeny, and plasticity operating outside of CK frameworks provide additional mechanisms for coexistence. In fact, the chances of finding a precise CK framework in nature are also vanishingly small.
Since the penning of Paradox I, ecologists have branched out from the systems of differential equations employed by classical mathematical ecologists, describing still other mathematical mechanisms for coexistence. These include discrete system dynamics (May, 1974) , stochastics (Hubbell, 2001) , game theory (Doebeli et al., 2004) , intraspecific demographics (Doebeli and Ispolatov, 2010) , individual adaptation (Williams and Lenton, 2010) , and others. It is difficult to envision a theory of biodiversity that would be complete without accounting for processes like adaptation, evolution, and speciation. Each mathematical mechanisms has the potential to elucidate true mechanisms not previously represented. This brings us to Paradox II, where we are faced with a large number of options for mathematical mechanisms for coexistence and limited knowledge of the true mechanisms of coexistence.
When it comes to ocean ecosystem models, many processes that contribute to coexistence are lumped together into a "background" mortality term. In a few cases, such as modelled predator interactions, mortality is an explicitly represented process. For the most part, however, mortality is represented heuristically. A non-linear mortality term does represent a mathematical mechanism for coexistence, as C&N point out, but it too is heuristic and does not represent a true mechanism. For those sources of mortality that are not explicitly modelled, we require a better heuristic-one that produces accurate community-level patterns but that does not overparameterize the model.
We designed our prototype model to meet these objectives. C&N have provided a thorough analysis, couching our work within their analytical framework and explaining how coexistence is maintained in the f-model-namely through the Z f i factor. They take exception to the Z 1−f factor, as it does not contribute to coexistence. Their analysis is accurate. However, coexistence is not the only objective. We also aim for a general formulation with a simple parameterization that reproduces community-level patterns. In our prototype, we designed the mortality term to produce the two limiting cases we discussed for f ¼ 0 and f ¼ 1-i.e. total competitive exclusion and total non-interaction. Each of the two factors captures one of these extremes, and f provides for a continuum between the extremes. The simple parameterization offers certain advantages. Values of f can be determined empirically from abundance data on large communities (Figure 1 ) and can then be used and tested in dynamical models. We include an example for illustration where microbial communities were incubated under nutrient enriched and non-enriched conditions (details in Countway et al., 2005; Kim et al., 2011) . In the non-enriched control bottles, despite rapid turnover of taxa, the rank-abundance structure of the community persisted throughout the experiment (Countway et al., 2005) . The addition of nutrients produced a markedly different community structure with steeper rank-abundance curves (Kim et al., 2011) . Accurately parameterizing all the 30 000 interactions between the 238 taxa measured in these experiments represents a significant challenge and would introduce a large amount of uncertainty. By taking a community-level perspective, we may be able to reproduce these important structural differences in the community despite losing information at the taxon level.
Ultimately, we are not advocating for the particularities of a functional form, but rather for a perspective. We argue for shifting the focus, at least to some degree, away from the population level. A modeller can approach an ecosystem from multiple levels of organization, ranging from the cell (e.g. metabolic modelling) to the individual (agent-based modelling), to the population (classical equations), to the community. Each level of organization offers different insights. When choosing to model ecosystems at the population level, one assumes that the complex processes occurring at the individual level aggregate into smooth functions, and one focuses instead on how that aggregation should behave. For example, a complex and variable set of processes combine to create reproduction, which often fit approximately but not exactly to an exponential curve. Similarly, when designing terms that aggregate many population-level processes, we should focus on the communitylevel properties that such an aggregation should produce. We Figure 1 . Rank-abundance curves for protist communities in a series of incubation experiments. In the control set (black solid lines, shown here after 24 and 72 h), the community retained its rank-abundance structure despite high taxa turnover (details in Countway et al., 2005) . In the treatments (grey solid lines, shown here for two treatments at 72 h), nutrients were added, and the community shifted to one with greater dominance by the most abundant taxa (details in Kim et al., 2011) . We estimated f by minimizing a root mean square difference between the data and the model (g ¼ 3.0 + 0.5, cf. Record et al., 2013) . The f shown is the mean for each set of curves, with a lower f indicating stronger competition in the nutrient-enriched incubations.
Plankton post-paradox chose the rank-abundance and abundance-distribution curves as community-level properties, and we designed our prototype therefore. Other design choices will capture other properties. In any case, they key is to approach our models from different levels of organization. Just as it is not necessary to represent every individual to capture some aspect of population dynamics, it is not necessary to represent every true mechanism for coexistence to capture some aspect of community dynamics.
Some ecologists have disparaged the enduring fixation on the idea of indefinite coexistence of species. As Hubbell (2001) wrote, "it is long past time for us to get over our myopic preoccupation with coexistence." Hutchinson himself appeared to recognize Paradox I as a false paradox, referring to competitive exclusion as tautological and using the paradox rather as a way of framing and communicating a problem (Hutchinson, 1961) . For better or worse the fixation on coexistence has underlain a rich and fruitful diversification within theoretical ecology-one that we can draw from as we move beyond coexistence, towards explaining the structure and function of communities.
